EP 3 508 116 A1

(1 9) Europdisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 3 508 116 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
10.07.2019 Bulletin 2019/28

(21) Application number: 19152737.3

(22) Date of filing: 18.07.2013

(51) IntClL:

A61B 5/0215 (2006.01) AB1M 25/00 (2006.07)

A61B 5/00 (2006.07)

(84) Designated Contracting States:
AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR

(30) Priority: 20.07.2012 US 201261673840 P
14.03.2013 US 201313828452

(62) Document number(s) of the earlier application(s) in
accordance with Art. 76 EPC:
13745240.5/ 2 874 538

(71) Applicant: Acist Medical Systems, Inc.
Eden Prairie, MN 55344 (US)

(72) Inventors:
e HILTNER, Jason, F.
Minnetonka, MN 55343 (US)

¢ FURNISH, Simon
Louisville, KY 40206 (US)
¢ GRAY, James Lamar, Il
Denver, PA 17517 (US)
* DIERKING, William, K.
Prospect, KY 40059 (US)
¢ EVANS, Alan
Otsego, MN 55301 (US)

(74) Representative: Boggio Merlo, Anita et al

Dragotti & Associati S.r.l.
Via Nino Bixio, 7
20129 Milano (IT)

Remarks:

This application was filed on 21.01.2019 as a
divisional application to the application mentioned
under INID code 62.

(54) FIBER OPTIC SENSOR ASSEMBLY FOR SENSOR DELIVERY DEVICE

(67)  Methods and sensor delivery devices for moni-
toring a fluid pressure within a vascular structure, the
devices including an elongated sheath sized for sliding
along a guidewire, a sensor assembly including a fiber
optic sensor, a housing surrounding the sensor, a first
cavity between the distal end of the sensor and a distal
aperture of the housing, a filler extending from at least

the distal end of the housing distally and tapering inward
toward the outer surface of the sheath, a second cavity
in the filler with an opening at the outer surface of the
filler and adjoining the distal aperture of the housing, and
an optical fiber. The sensor delivery device may also in-
clude anouter layerthat partially covers the second cavity
with an aperture over the opening of the second cavity.
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Description
PRIORITY

[0001] This application claims priority to U.S. Pat. App.
No. 61/673,840 filed July 20, 2012 and entitled Fiber Op-
tic Sensor Assembly for Sensor Delivery Device, the dis-
closure of which is incorporated by reference.

TECHNICAL FIELD

[0002] The present application relates to the field of
medical device technology and, more particularly, to
pressure sensors for measuring fluid pressure in ana-
tomical (e.g., vascular) structures of patients, such as in
blood vessels or across heart valves.

BACKGROUND

[0003] When pressure measurements are made within
a human or animal, such as within the vascular system,
the physical characteristics of the environment make ob-
taining accurate measurements more complicated than
other fluid pressure measurements. For example, such
sensors are generally non-toxic and small, in order to
cause as little trauma to the individual as possible. In
many cases, it may be necessary for the measuring de-
vice to enter the body in one location but to make the
pressure measurement in a different location which may
be a significant distance away from the point of entry of
the device. It may therefore be necessary to deliver the
sensor to the location using a delivery device such as a
catheter. Such a pressure sensing device must therefore
be capable of being transported to a different location
using a delivery device and must further be able to trans-
mit data back out of the body. Finally, when the pressure
measurements are made within the arterial system, the
pressure is not steady but rather is pulsatile, rising and
falling to an upper systolic and lower diastolic pressure
with each heartbeat, adding further complexity to the
pressure measurement process.

[0004] For some patients, it is useful to obtain a pres-
sure measurement within the coronary arteries. In par-
ticular, when a sclerotic lesion is present within the cor-
onary arteries, pressure measurements made upstream
and downstream of the lesion can be used to determine
whether or not an intervention, such as angioplasty or
stent placement, is required. Because such measure-
ments may be used as a basis for therapy decisions, it
is important that they be accurate. However, the very
small size of the coronary arteries, which may be about
2 mm, and which may be further narrowed by sclerotic
lesions or complicated by the presence of stents, as well
as the pulsatile nature of the blood flow, and the need to
avoid causing any trauma to these critical vessels,
present challenges to designing pressure sensing sys-
tems.
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SUMMARY

[0005] Various embodiments of the invention are de-
scribed and shown herein. In one embodiment, a sensor
delivery device may be used for monitoring a fluid pres-
sure within a vascular structure of a patient, such as with-
in the coronary arteries. The sensor delivery device may
include an elongated tubular sheath sized for sliding
along a guidewire and having an outer surface and a
sensor assembly. The sensor assembly may include a
fiber optic sensor such as a pressure sensor, a housing
surrounding the sensor, the housing having a proximal
end with a proximal aperture, a distal end with a distal
aperture, an inner surface adjoined to the outer surface
of the sheath, and an outer surface opposing the inner
surface. The sensor assembly may also include a first
cavity between the distal end of the sensor and the distal
aperture of the housing, a filler extending from at least
the distal end and outer surface of the housing distally
with an outer surface that tapers inward toward the outer
surface of the sheath as the filler extends distally, and a
second cavity in the filler. The second cavity may include
an opening at the outer surface of the filler and may adjoin
the distal aperture of the housing. The opening and ap-
ertures are generally useful for providing fluid communi-
cation between the sensor and a patient. The sensor de-
livery device may further include an optical fiber extend-
ing along the outer surface of the sheath, passing through
the proximal aperture of the housing and adjoined to the
sensor at a distal end of the optical fiber. In some em-
bodiments, the sensor delivery device may also include
an outer layer overlying the filler and comprising an ap-
erture. The outer layer may partially cover the second
cavity and the aperture may overlie the opening of the
second aperture. In some embodiments, the outer layer
may encircle the sensor assembly, the sheath, and the
optical fiber.

[0006] The outer surface of the sheath may form a bot-
tom of the second cavity, the distal end of the housing
may form a proximal end of the cavity, the filler material
itself may form the distal end of the second cavity and
the opposing side surfaces of the second cavity, and the
outer layer forms a top of the second cavity.

[0007] In some embodiments, the filler surrounds all
of the housing except the bottom surface of the housing
which abuts the sheath. In some embodiments, the filler
may extend proximally from the proximal end and outer
surface of the housing and taper inwardly toward the out-
er surface of the sheath as it extends proximally.
[0008] Insome embodiments, the second cavity has a
length from a proximal to a distal end of the second cavity
which is greater than a length of the outer layer aperture
from a proximal to a distal end of the outer layer aperture.
In some embodiments, the outer layer aperture may have
an area of between about 0.05 and about 0.5 mm2. In
some embodiments, the second cavity may have a vol-
ume of between about 0.04 and about 0.12 mm3.
[0009] The sheath of the sensor delivery device may
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include a distal sleeve and a proximal portion adjoined
to the distal sleeve, with the optical fiber extending within
the proximal portion and with the proximal portion con-
figured to be separate from the guidewire.

[0010] Various embodiments also include methods of
measuring the intravascular pressure of a patient at a
location of interest using any of the sensor delivery de-
vices described above. The method may include insert-
ing the sensor delivery device into the patient’s vascula-
ture, advancing the sensor delivery device to the location
of interest; and measuring the intravascular pressure at
the location of interest using the pressure sensor.
[0011] The details of one or more embodiments are
set forth in the accompanying drawing figures and the
description below. Other features, objects, and advan-
tages will be apparent from the description and attach-
ments. The embodiments shown and described are pro-
vided for the purposes of illustration, not limitation.

FIGURES
[0012]

FIG 1 is a side plan with portions rendered transpar-
ent of a sensor delivery device including a sensor
assembly according to various embodiments;

FIG 2 is a side plan with portions rendered transpar-
entof a portion of the sensor delivery device of Figure
1 including the sensor assembly;

FIG 3 is a longitudinal cross sectional view of a por-
tion of the sensor assembly of Figure 2;

FIG 4 is an axial cross sectional view of the sensor
delivery device of FIG. 1 proximal to the sensor as-
sembly;

FIG 5 is an axial cross sectional view of the sensor
delivery device of FIG. 1 throughout the sensor as-
sembly; and

FIG 6 is a schematic view of a contrast injection sys-
tem for use with sensor delivery device and a sensor

assembly according to various embodiments.

DETAILED DESCRIPTION

[0013] The following detailed description should be
read with reference to the accompanying drawings, in
which like numerals denote like elements. The drawings,
which are not necessarily to scale, depict selected em-
bodiments--other possible embodiments may become
readily apparent to those of ordinary skill in the art with
the benefit of these teachings. Thus, the embodiments
shown in the accompanying drawings and described be-
low are provided for illustrative purposes, and are not
intended to limit the scope as called for in the claims
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appended hereto. Various exemplary embodiments are
described herein with reference to the accompanying
drawing figures in which like numbers describe like ele-
ments. References to above, below, horizontal, vertical,
front, back, left, right and the like shall refer to the orien-
tation of the device when it is properly positioned during
use.

[0014] Various embodiments may be used to measure
blood pressure within the coronary arteries of a patient.
Such measurements can be used to measure arterial
pressure upstream and downstream of a stenotic lesion
or other arterial narrowing (such as narrowing due to the
presence of a stent), for example, to assess the severity
of the condition and to assist in making therapy decisions.
Alternatively, various embodiments may be used to as-
sess heart valves or to measure pressure or pressure
gradients peripherally within the peripheral vessels, for
example.

[0015] Fiber optic pressure sensors useful in various
embodiments may be delivered to a location of interest
using a guidewire based delivery system, for example.
One example of such a system is sometimes referred to
as a monorail or rapid exchange system. The fiber optic
sensor may be used with the monorail pressure system
or any other monorail, rapid exchange catheter or any
over-the-wire style catheter and may be transported to a
location of interest on a distal sleeve. In some embodi-
ments, the sensor is encased within a housing that is
further surrounded by afiller, and these elements togeth-
er form a sensor assembly. The housing may be stainless
steel, polyimide or other appropriate material. The hous-
ing may be elongated, having a proximal end and a distal
end. An optical fiber may extend proximally from the sen-
sor and exit the housing through a proximal aperture in
the proximal end of the housing. The housing may also
include a distal aperture. In some embodiments, the dis-
tal aperture is in the distal end of the housing and is
aligned with the diaphragm of the pressure sensor, with
a space forming a first cavity between the distal aperture
and the sensor.

[0016] Because the sensor delivery system may
traverse the coronary arteries, various embodiments in-
clude afiller to form a tapered distal surface of the sensor
assembly. In some embodiments, the filler portion of the
sensor assembly tapers inward as it extends distally from
the housing in toward the distal sleeve on which it is car-
ried, being thinnest at its distal end. By tapering in this
way, the sensor assembly avoids having a blunt end,
perpendicular to the guidewire (and therefore also per-
pendicular to the direction of motion of the distal sleeve),
which could make it difficult to advance through narrowed
portions of the coronary arteries. In order to allow pres-
sure to be effectively transferred from the surrounding
fluid to the sensor, the filler may include a cavity which
forms the second cavity (the first cavity being within the
housing), located proximal to the proximal aperture of
the housing. The second cavity is open at the outer sur-
face of the filler. In this way, pressure is transmitted
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through the opening of the second cavity, then through
the second cavity, the distal aperture of the housing, the
first cavity, and to the sensor.

[0017] The sensor assembly may be used on any sen-
sor delivery device, such as a guidewire or catheter
based systems, for measuring pressure in the arterial
system, for example. An example of a one such system,
an over-the-wire system described in U.S. Patent Publi-
cation Number 2010/0234698, the disclosure of which is
incorporated herein by reference. One such sensor de-
livery system is shown in Figures 1-3 and 5. The sensor
delivery device 10 includes a distal sleeve 20 having a
guidewire lumen 22 for slidably receiving a medical
guidewire 30. A sensor assembly 100 is coupled to the
distal sleeve 20 and includes sensor 110 which is capable
of sensing and/or measuring a physiological parameter
of a patient and generating a signal representative of the
physiological parameter, such as pressure. Thus, the dis-
tal sleeve 20, and hence, the sensor assembly 100, may
be positioned within a patient (e.g., within an anatomical
structure of a patient, such as within a vein, artery, or
other blood vessel, or across a heart valve, for example)
by causing the distal sleeve 20 to slide over the medical
guidewire 30 to the desired position.

[0018] The sensor delivery device 10 of FIG. 1 also
includes a proximal portion 50, which is coupled to the
distal sleeve 20. The proximal portion 50 includes a com-
munication channel for communicating the signal from
the sensor 110 to a location outside of the patient (e.g.,
to a processor, display, computer, monitor, or to another
medical device). Communication channel may comprise
a fiber optic communication channel in certain preferred
embodiments, such as where the sensor 110 is a fiber
optic pressure sensor. Alternately, communication chan-
nel may comprise an electrically conductive medium,
such as one or more electrical conducting wires. Of
course, many other forms of communication media may
be suitable for transmitting the signal generated by sen-
sor 110 to a location outside of the patient. In some em-
bodiments, the communication channel may comprise
any of a variety of fluid and/or non-fluid communication
media, such as a wireless communication link, or an in-
frared capability, or acoustic communications such as
ultrasound, as possible examples.

[0019] The proximal portion 50 is also adapted to assist
an operator (e.g., a physician or other medical staff) in
positioning the distal sleeve 20 and the sensor assembly
100 within an anatomical (e.g., vascular) structure of the
patient. This may be accomplished by an operator first
inserting a "standard" medical guidewire 30 into a pa-
tient’s vasculature and advancing it past an area of in-
terest. The sensor delivery device 10 is then deployed
by "threading" the distal sleeve 20 onto the guidewire 30
such that the lumen 22 slides over the guidewire 30, and
advancing the distal sleeve 20 (and the associated sen-
sor assembly 100) by moving (e.g., pushing and/or pull-
ing) the proximal portion 50 until sensor 40 is in the de-
sired location.
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[0020] In certain embodiments, the size or "footprint"
(e.g., the width and/or the cross-sectional area) of device
10 may allow it to fit within certain standard sized guiding
catheters. In certain embodiments, the distal sleeve 20
of the device may be substantially concentric with the
guidewire 30. The coupling of the proximal portion 50 to
the distal sleeve 20 allows the guidewire 30 to separate
from the rest of device 10 (e.g., in what is sometimes
referred to as a "monorail" catheter configuration).
[0021] Inthe embodiments shown, the sensor assem-
bly 100 is coupled to the outer surface of the distal sleeve
20, at or near the distal end of the distal sleeve 20. Some
embodiments may also include a second sensor assem-
bly (not shown), which may be coupled to the outer sur-
face of the distal sleeve 20 at a more proximal location.
The sensor 110 within the sensor assembly 100 may be
adapted to measure a physiological parameter of a pa-
tient, such as a blood parameter (e.g., blood pressure,
blood flow rate, temperature, pH, blood oxygen satura-
tion levels, etc.), and generate a signal representative of
the physiological parameter. The proximal portion 50
which may be coupled to the distal sleeve 20 includes a
communication channel for communicating the physio-
logical signal from the sensor 110 to a location outside
of the patient (e.g., to a processor, display, computer,
monitor, or to another medical device). The proximal por-
tion 50 may preferably be formed of a material of sufficient
stiffness in order to assist an operator (e.g., a physician
or other medical staff) in positioning the distal sleeve 20
and the sensor assembly 100 within an anatomical (e.g.,
vascular) structure of the patient. Depending on the ap-
plication, the proximal portion 50 (sometimes also re-
ferred to as the "delivery tube") may be stiffer and more
rigid than the distal sleeve 20 in order to provide a rea-
sonable amount of control to push, pull and otherwise
maneuver the device to a physiological location of inter-
est within the patient. Suitable materials for proximal por-
tion 50 include a stainless steel hypotube as well as ma-
terials such as nitinol, nylon, and plastic, for example, or
composites of multiple materials.

[0022] The communication channel may be disposed
along an outer surface of proximal portion 50, or may be
formed within the proximal portion 50. For example, com-
munication channel may comprise a communication lu-
men that extends longitudinally through proximal portion
50 in some embodiments. Communication channel may
comprise a fiber optic communication channel in certain
embodiments, such as where the sensor 110 is a fiber
optic pressure sensor. Alternately, communication chan-
nel may comprise an electrically conductive medium,
such as electrical conducting wires, or other communi-
cation media suitable for transmitting the signal generat-
ed by sensor 110. In some embodiments, the communi-
cation channel comprises a non-fluid communication me-
dium. The communication channel (e.g., a fiber optic ca-
ble) may extend distally beyond proximal portion 50 to
be coupled to sensor 110 on the distal sleeve. In the
embodiment shown, the communication channel 60 ex-
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tends along the exterior surface of the distal sleeve 20
and into the sensor assembly 100.

[0023] Some embodiments the sensor delivery device
10 may include a second sensor assembly which may
be coupled to the device 10. For example, a second sen-
sor assembly may be coupled to the proximal portion 50
or distal sleeve 20 such that the first and second sensor
are spaced apart sufficiently (e.g., a fixed distance apart)
to span a stenotic lesion. This embodiment may offer the
ability to measure fractional flow reserve (FFR) without
having to reposition device 10, since once sensor could
be placed distal of the stenotic lesion to measure pres-
sure distal to the lesion (Pg), and the other sensor could
be placed proximal of the stenotic lesion to measure pres-
sure distal to the lesion (P). In some embodiments, the
second sensor assembly includes some or all of the var-
ious features of the sensor assembly 100 discussed
herein.

[0024] The sensor assembly 110 described herein
may also be used with other pressure sensing systems.
For example, while guidewire pressure sensors systems
such as the St. Jude Medical Radi System Pres-
surewire® Certus and Analyzer typically include a strain
gauge type sensor, a fiber optic pressure sensor assem-
bly could be used alternatively, along with an optical fiber
replacing the electrical conductor typically used in such
systems.

[0025] A close up perspective view of the sensor as-
sembly 110 on a distal sleeve 20 is shown in Figure 2,
while a longitudinal cross sectional view is shown in Fig-
ure 3. The sensor 110 is located within the housing 120,
near the distal end 122 of the housing 120 but separated
from the distal end 122 by the first cavity 130. In the em-
bodiment shown, the sensor 110 is a fiber optic pressure
sensor adapted to measure blood pressure.

[0026] Various embodiments are particularly useful
with fiber optic pressure sensors, though they are not
limited to such sensors. An example of a fiber optic pres-
sure sensor which may be used in various embodiments
is a Fabry-Perot fiber optic pressure sensor, which is a
commercially available sensor. Examples of Fabry-Perot
fiber optic sensors are the "OPP-M" MEMS-based fiber
optic pressure sensor (400 micron size) manufactured
by Opsens (Quebec, Canada), and the "FOP-MIV" sen-
sor (515 micron size or 260 micron size) manufactured
by Fiso Technologies, Inc. (Quebec, Canada). In certain
alternate embodiments, the sensor or sensors 110 may
be piezo-resistive pressure sensors (e.g.,a MEMS piezo-
resistive pressure sensor), and in other embodiments,
the sensor or sensors 110 may be capacitive pressure
sensors (e.g., a MEMS capacitive pressure sensor). A
pressure sensing range from about -50 mm Hg to about
+300 mm Hg (relative to atmospheric pressure) may be
used for making most physiological measurements with
sensor 110, for example.

[0027] Inembodiments using the Fabry-Perot fiber op-
tic pressure sensor as the sensor 110, such a sensor
works by having a reflective diaphragm that varies a cav-
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ity length measurement according to the pressure
against the diaphragm. Coherent light from a light source
travels down the fiber and crosses a small cavity at the
sensor end. The reflective diaphragm reflects a portion
of the light signal back into the fiber. The reflected light
travels back through the fiber to a detector at the light
source end of the fiber. The two light waves, the source
light and reflected light travel in opposite directions and
interfere with each other. The amount of interference will
vary depending on the cavity length. The cavity length
will change as the diaphragm deflects under pressure.
The amount of interference is registered by a fringe pat-
tern detector.

[0028] Because such sensors function by transmitting
light through the optical fiber and reflecting the light from
the diaphragm, the optical fiber is normally perpendicular
to the diaphragm. Because the optical fiber extends lon-
gitudinally along the sensor delivery device, the result is
that the diaphragm of the sensor is perpendicular to the
longitudinal axis of the sensor delivery device. Such an
orientation of the sensor, with the diaphragm facing dis-
tally and perpendicular to the direction of movement of
the delivery device through the vasculature, has the po-
tential to interfere with the movement of the delivery de-
vice to the desired location for making measurements.
Various embodiments therefore reduce or eliminate this
interference through the use of the filler, while still pro-
viding accurate pressure measurements through the use
of cavities and apertures as described herein.

[0029] The sensor110isencased withinahousing 120
which may be a longitudinally extending hollow member
which may surround and protect the sensor 110. The
housing 120 may be comprised of any rigid or semi-rigid
biocompatible material such as stainless steel or polyim-
ide, for example. The housing 120 may be cylindrical or
may have a circular or any other cross sectional shape.
One or both of the proximal end 124 and distal end 122
may be flat (having a planar surface perpendicular to the
longitudinal axis of the housing 120) and may be squared
or blunted or alternatively may tapered. The proximal end
124 includes a proximal aperture 126 to allow passage
of the communication channel 60 from the sensor 110 to
outside of the housing 120. The housing 120 also in-
cludes a distal aperture 128 to allow the sensor 110 to
sense physiological data such as pressure. The distal
aperture 128 may be in the distal end 122 of the housing
120, whether the end 128 is flat or tapered, or alterna-
tively may be on another outer surface of the housing,
such as on the side or top of the housing at or near the
sensor and where it can provide communication with the
surrounding environment.

[0030] The first cavity 130 is a space which surrounds
at least the sensing portion of the sensor, such as the
diaphragm of the pressure sensor 110 at the distal end
112 of the pressure sensor 110. The distal aperture 128
of the housing 120 adjoins the first cavity 130 so that the
sensor 110 can detect physiological data through the dis-
tal aperture 128 and the first cavity 130. In the embodi-
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ment shown, the first cavity 130 is formed by the space
in that portion of the housing 120 between the distal end
112 of the sensor 110 and the distal end 122 of the hous-
ing 120 where the distal aperture 128 is located.

[0031] In order to facilitate movement and placement
of the device 10 in the anatomical (e.g., vascular) struc-
ture of the patient, the housing 120 is surrounded around
its outer walls (except the wall adjoining the distal sleeve
20) by a filler 140 which includes a tapered distal end
142. The proximal end 144 may also be tapered. For
example, as shown in Figures 2 and 3, the distal end 122
of the housing 120 is perpendicular to the longitudinal
axis of the housing 120 and the distal sleeve 20 and there-
fore would be a blunt surface which would create resist-
ance when moved into position in a vascular structure.
However, it can further be seen that filler 140 forms a
tapered distal end 142 such that the sensor assembly
100 forms a smoother, tapered structure that is easier to
navigate through anatomical (e.g., vascular) structures
and passages in a patient (e.g., it allows the device 10
to slide through vascular passages such as arterial walls
without catching or snagging). In the embodiment shown,
housing 120 is tapered at its proximal end 124 around
the proximal aperture 126, and the filler 140 provides
additional tapering to form a smooth tapered surface
down to the distal sleeve 20 proximal to the housing 120.
[0032] Inthe embodimentshown, the proximalend 124
of the filler 140 extends around the distal sleeve 20 and
extends distal to the distal end 22 of the distal sleeve 20.
In alternative embodiments, the entire length of the filler
140 may extend around less or more of the distal sleeve
20 (or other structure on which the sensor assembly is
located), such as encircling the distal sleeve 20 or other
structure along the length of the filler 140 or not encircling
the distal sleeve 20 or other support structure at any por-
tion of the filler 140. In addition, the distal end 142 of the
filler 140 may alternatively be proximal to the distal end
22 of the distal sleeve 20.

[0033] Thefiller 140 includes a cavity which is the sec-
ond cavity 150. The second cavity 150 extends from the
distal aperture 128 of the housing 120 to an opening 158
in the outer surface of the filler 140. In the embodiment
shown, the longitudinal length of the second cavity 150
is less than the longitudinal length of the aperture 158.
The opening 158 is located directly distal to, adjacent to,
and slightly spaced apart from the distal end 122 of the
housing 120 in the embodiment shown. In addition, the
distal end 152 of the second cavity 150 extends distal of
the distal end 159 of the aperture 158.

[0034] Thefiller 140 may be comprised of a single ma-
terial or more than one material. For example, in some
embodiments the filler 140 includes one or more layers
of material. In some embodiments, the filler 140 may in-
clude a flowable thermoplastic material such as Pebex®
or other suitable material. The filler 140 acts as a tapered
casing or cover on the housing120 that forms a smooth
ramp-like transition between the outermost aspect of the
housing 120 and the outer surface of the distal sleeve 20.

10

15

20

25

30

35

40

45

50

55

[0035] AsshowninFigures4 and5,the sensordelivery
device 10 may also include an outer layer 70, which may
surround the distal sleeve 20 and the sensor assembly
100 in the form of a cover. The outer layer 70 may be a
thermoplastic material which may be a heat shrunk
around the filler, such as Polyethylene terephthalate
(PET). The outer layer 70 may cover only the filler 140,
may cover the entire sensor assembly 100 and filler, or
may cover the whole distal portion of the sensor delivery
device 10 including the distal sleeve 20, the communi-
cation channel 60 and the sensor assembly 100 by wrap-
ping around outside of these components. In some em-
bodiments, the second cavity 150 may be formed in the
filler 140 and the outer layer 70 may extend across the
opening 158 of the second cavity 150. The outer layer
70 may include an aperture 78 that may overlie the open-
ing 158 of the second cavity 150 and may be the same
size as and aligned with the opening 158, or may be
smaller or larger than the opening 158 of the second cav-
ity 150. In some such embodiments, the second cavity
150 is a space that is bounded by the distal end 122 of
the housing 120 including the housing distal aperture 128
at the proximal end 154 of the second cavity 150. The
outer surface of the distal sleeve 20 (or other support
surface on which the sensor assembly 100 may be lo-
cated) may form the inner surface/bottom wall of the sec-
ond cavity 150. The filler 140 may form the side walls
and distal wall of the second cavity 150. The outer layer
70 may form the outer surface/top wall of the second
cavity 150, which may or may not also be partly formed
by the filler 140. During manufacture, the outer layer 70
may be applied to the sensor delivery device 10 and the
aperture 78 may be made in the outer layer after appli-
cation, such as by cutting, etching, melting, or burning in
the aperture at the desired location in communication
with the second cavity 150. Alternatively, the aperture 78
may be present in the outer layer 70 before the outer
layer 70 is applied to the sensor delivery device 10, and
the aperture 78 may be aligned with the second cavity
150 as desired during manufacture when the outer layer
70 is applied to the sensor delivery device 10.

[0036] Cross sectional views of the sensor delivery de-
vice are shown in Figures 4 and 5. In Figure 4, the cross
section is through the distal sleeve 20, proximal to the
housing 120. In Figure 5, the cross section transects the
housing 120 and the sensor 110. In Figure 4, the com-
munication channel 60 is shown extending along the out-
er surface of the distal sheath 20, and a guidewire 30 is
shown within the distal sleeve 20. Both the distal sleeve
20 and the communications channel 60 are surrounded
by the outer layer 70. In Figure 5, the sensor 110 is shown
within the housing 120. The housing 120 is abutting the
distal sleeve 20, which encloses a guidewire 30 as in
Figure 4. The space within the housing 120 and surround-
ing the sensor 110 is filled with gel 114. The outer layer
30 surrounds the distal sheath 20 and the housing 120,
with the filler 140 within the outer layer 70 partially sur-
rounding both the housing 120 and the distal sleeve hous-
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ing 20.

[0037] Referring back to Figure 3, the opening 158 is
located on the distal tapered end of the filler 140, while
the distal aperture 128 is located on the distal end 122
of the housing 120. As a result, while the plane in which
the distal aperture 128 lies is perpendicular to the longi-
tudinal axis of housing 120 and distal sleeve 20, the plane
in which the opening 158 lies is neither parallel to nor
perpendicular to the plane in which the distal aperture
lies. Rather, the plane in which the opening 158 is located
is skewed relative to the plane of the distal aperture, with
the angle being determined by the angle of the tapering
of the outer surface of the filler 140 at the location of the
opening 158. In the embodiment shown, the tapering of
the filler 140 is very gradual, particularly at the location
of the opening 158, such that the outer surface of the
filler 140 at the location of the opening 158 is almost but
not quite parallel to the longitudinal axis of the distal
sleeve 20 and the housing 120, and is therefore almost
but not quite perpendicular to the plane in which the distal
aperture 128 of the housing 120 is located. In the em-
bodiment shown, the plane in which the opening 158 is
located is between about 5 and 10 degrees less than
perpendicular (that is, it is about 80 to about 85 degrees)
relative to the plane in which the distal aperture 128 is
located.

[0038] By locating the opening in a portion of the filler
140 which is parallel to or nearly parallel to the longitu-
dinal axis of the distal sleeve 20, it may be less likely to
become snagged or to interact with or damage tissue as
it is maneuvered to a location of interest. As such, the
plane of the outer surface of the filler 140 at the location
of the opening 158 may angle inwardly as it extends dis-
tally toward the longitudinal axis of the distal sleeve 20
and the housing 120 at an angle of between about 45 to
0 degrees, such as between about 30 to 1 degree, or
about 25 to 5 degrees, or about 5 to 20 degrees relative
to the longitudinal axis of distal sleeve 20 and the housing
120. The filler 140 may taper inwardly at a constant angle
or the angle may vary as it extends distally and may in-
clude one or more positions in which it is parallel to the
longitudinal axis of the distal sleeve or other support
structure. The result is that the cross-sectional area (per-
pendicular to the longitudinal axis of the distal sleeve 70)
of the device 10 decreases at a constant or varying rate
from where it abuts the distal end of the housing 122 to
the distal end of the filler 142, optionally with one or more
plateaus in which the cross-sectional area is stable.
[0039] The size of the opening 158 of the second cavity
150 (which may be expressed in terms of diameter or
cross sectional area) as well as the volume of the second
cavity 150 may be important to obtaining accurate pres-
sure measurements. In particular, the pulsatile nature of
blood flow, cycling between a diastolic and systolic pres-
sure can complicate the pressure measurements, mak-
ing the size of the opening 158 more important. For ex-
ample, if the size of the opening 158 is too small, there
may be dampening or clipping of the pressure measure-
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ments which may be caused by air bubbles, for example,
which may be due to air moving from the interior of the
second cavity 158 out through the opening 158. The prop-
er size of the second cavity 150 and opening 158 must
therefore balance the need to avoid trapping air and the
need present the most tapered profile possible to avoid
the cavity being caught in stent struts or other hard ma-
terials like calcified lesions.

[0040] Insomeembodiments,the length ofthe opening
158 (from proximal to distal end 159) in the second cavity
150 is less than the length of the second cavity 150 from
the proximal 154 to distal end. In some embodiments,
the opening 158 of the second cavity is distally spaced
away from the distal end 152 of the housing. In some
embodiments, the size of the opening 158 of the second
cavity 150 may be between about 0.01 mm2 and about
1.0 mm2, such as between about 0.05 mm2 and about
0.5 mm? or between about 0.3 mm?2 and about 1.0 mm?2,
such as between about 0.4 mm?2 and about 0.6 mm2. In
some embodiments, the volume of the second cavity 150
may be between about 0.01 mm3 and about 0.25 mm3,
such as between about 0.04 mm3 and about 0.12 mm3
or between about 0.015 mm3 and about 0.07 mm3, such
as between about 0.02 mm3 and about 0.03 mm3. In
some embodiments, the ratio of the cross sectional area
of the aperture of the second cavity to the volume of the
second cavity is between about 0.1 and about 10, such
as between about 0.5 and about 2, or between about 3
and about 5, such as between about 4.2 and about 4.4.
[0041] Insome embodiments, the inside portion of the
housing 120, including the first cavity 130 may be filled
with a gel 114, such as a silicone dielectric gel. The sec-
ond cavity 150 may also be filled with a gel. Silicone di-
electric gels are often used with solid state sensors to
protect the sensor from the effects of exposure to a fluid
medium, for example. If the first cavity 130 is filled with
agelinfrontofthe sensor diaphragm, and/or if the second
cavity 150 is filled with a gel, then foreign material may
be less likely to penetrate inside the housing 120. The
gel may also offer added structural stability to the sensor
110, and/or may enhance the pressure-sensing charac-
teristics of the sensor 110. Alternatively, one or both cav-
ities 130, 150 may be vacant spaces into which blood or
other fluid may flow during use. Alternatively, one or both
cavities 130, 150 may be partially filled with gel and par-
tially vacant.

[0042] In use, a guidewire, with or without a catheter,
may be inserted into a patient’s body though an incision
to access a vascular structure. The guidewire (and cath-
eter, if present) may then be navigated through the vas-
culature, such as through the arteries, to a location of
interest, such as a location within the coronary arteries
in order to evaluate the arteries for the presence of, or
the severity of, a stenotic lesion. If not already present,
a catheter may then be advanced over the guidewire. In
some embodiments, the guidewire itself includes a sen-
sor assembly located on the guidewire. In other embod-
iments, the sensor assembly may be located on the outer
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surface of the catheter. In still other embodiments, the
sensor assembly may be located on the outer surface of
a sensor delivery device such as a distal sleeve as de-
scribed herein, and the sensor delivery device may be
delivered to the location of interest by sliding the sensor
delivery device along the guidewire, optimally within the
catheter, if present, and exiting the distal end of the cath-
eter at a location proximal to the location of interest such
thatthe sensor can make the physiological measurement
at the location of interest. Alternatively, the sensor deliv-
ery device may be delivered to the location of interest
without the use of the catheter by placing the guidewire
as described, removing the catheter if present, and then
sliding the sensor delivery device along the guidewire.
[0043] Once the sensor is positioned at the location of
interest, a pressure measurement may be taken. The
location of interest may be a stenotic lesion, and the pres-
sure measurement may be taken downstream (distal) of
the stenotic lesion. A pressure measurement may also
be taken upstream (proximal) of the stenotic lesion, such
by using the same sensor (such as by repositioning the
sensor) or by using a separate (such as a second) sensor
on the same sensor delivery device, such that a first (dis-
tal) sensoris located distal to the stenosis and the second
(proximal) sensor is located proximal to the stenosis. The
proximal and distal pressure measurements may be used
to calculate a fractional flow reserve (FFR), and this cal-
culation may be used by a clinician to decide whether or
not an intervention (such as a placement of a stent) is
required. Alternatively, the location of interest may be a
heart valve, and pressure measurements may be ob-
tained proximal and/or distal to the heart valve to assess
the functioning of the heart valve. Other pressure meas-
urements may be obtained in other locations to assess
for clinical evaluation.

[0044] Sensor assemblies according to various em-
bodiments may be used with powered injector systems,
such as the powered injection system shown in Figure
6. The powered injector system may be used to perform
various functions and, when operable, may be coupled
(e.g. by electronic signal communication) to a physiolog-
ical sensor delivery device including a sensor assembly,
such as the various embodiments of a sensor delivery
device described above. The powered injection system
200 may be used to inject medical fluid, such as contrast
media or saline, into a patient within the sterile field during
a medical procedure (such as during an angiographic or
CT procedure). A physiological sensor delivery device
including a sensor assembly may be coupled to the sys-
tem 200 and used within the sterile field during a patient
procedure. The system 200 may include various compo-
nents, such as a control panel 202, a hand-controller con-
nection 204, a hand controller 212, a fluid reservoir 206,
tubing 208, a pump 210, a pressure transducer 218, a
fluid reservoir 214, an injection syringe 216, high pres-
sure injection tubing 222, a valve 220, an air detector
224, and a stopcock 226. In some embodiments, the in-
jection syringe 216 (along with its associated plunger),
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which is a pumping device, may be replaced with another
form of pumping device that delivers high-pressure fluid
injections to a patient and may be capable of operating
or functioning in different, or multiple, operational modes.
[0045] The foregoing description addresses examples
encompassing the principles of various embodiments.
The embodiments may be changed, modified and/or im-
plemented using various types of arrangements. In par-
ticular, one or more embodiments may be combined in
a single inlet valve system. Those skilled in the art will
readily recognize various modifications and changes that
may be made to these embodiments without strictly fol-
lowing the exemplary embodiments and applications il-
lustrated and described herein. Accordingly, it is not in-
tended that the invention be limited, except as by the
appended claims.

Claims

1. A sensor delivery device (10) for monitoring a fluid
pressure within a vascular structure of a patient, the
sensor delivery device comprising:

an elongated tubular sheath (20) sized for sliding
along a guidewire (30), the sheath having an
outer surface;

a sensor assembly (100) comprising:

a fiber optic sensor (110);

a housing (120) surrounding the fiber optic
sensor, the housing comprising a proximal
end (124) having a proximal aperture (126),
adistal end (122), an inner surface adjoined
to the outer surface of the sheath, and a
outer surface between the proximal end and
the distal end, the outer surface spaced
from the inner surface and defining a distal
aperture (128) along a side or top of the
housing (120);

afiller (140) extending at least distally from
the distal end (122) of the housing, the filler
having an outer surface that tapers inward
toward the outer surface of the sheath (20)
as the filler extends distally; and

an optical fiber extending along the outer
surface of the sheath (20), passing through
the proximal aperture (126) of the housing
(120) and adjoined to the fiber optic sensor
(110) at a distal end of the optical fiber.

2. The sensor delivery device (10) of claim 1, wherein
the distal aperture (128) is on the side of the housing
(120).

3. The sensor delivery device (10) of claim 1, wherein
the distal aperture (128) is on the top of the housing
(120).
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The sensor delivery device (10) of claim 1, wherein
the outer surface of the housing (120) is opposite
the inner surface of the housing (120).

The sensor delivery device (10) of claim 1, wherein
the distal aperture (128) is at a location along the
outer surface of the housing (120) that is aligned with
a location of the fiber optic sensor (110).

The sensor delivery device (10) of claim 1, wherein
the distal aperture (128) is at a location along the
outer surface of the housing (120) that is near a lo-
cation of the fiber optic sensor (110).

The sensor delivery device (10) of claim 1, wherein
the sensor assembly (100) further comprises a first
cavity (130) in the housing (120) surrounding a sens-
ing portion of the fiber optic sensor (110).

The sensor delivery device (10) of claim 7, wherein
the distal aperture (128) is in fluid communication
with the first cavity (130).

The sensor delivery device (10) of claim 7, wherein
thefirst cavity (130) is defined atleastin part between
a distal end (112) of the fiber optic sensor (110) and
the distal end (122) of the housing (120).

The sensor delivery device (10) of claim 1, wherein
the filler (140) further extends proximally from the
proximal end (124) of the housing (120), the outer
surface of the filler tapering inward toward the outer
surface of the sheath (20) as the filler extends prox-
imally.

The sensor delivery device (10) of claim 10, wherein
the housing (120) is surrounded by the filler (140) at
the proximal end (124), the distal end (122), and the
outer surface of the housing.

The sensor delivery device (10) of claim 1, further
comprising an outer layer (70) overlying the housing
(120), the outer layer comprising an outer layer ap-
erture (78) overlying the distal aperture (128).

The sensor delivery device (10) of claim 12, wherein
the outer layer (70) encircles the sensor assembly
(100), the sheath (20), and the optical fiber.

The sensor delivery device (10) of claim 1, wherein
the fiber optic sensor (110) comprises a pressure
sensor.

The sensor delivery device (10) of claim 1, wherein
the sheath (20) comprises a distal sleeve, the sensor
delivery device further comprising a proximal portion
adjoined to the distal sleeve, wherein the optical fiber
extends within the proximal portion, and wherein the
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proximal portion is configured to be separate from
the guidewire (30).
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